Obesity has complex multifactorial aetiology. It has been suggested by many, but not all, reports that earlier pubertal maturation may increase adult obesity risk. We conducted a systemic review and meta-analysis in both women and men, and hypothesised that any association between pubertal timing and adult obesity is likely to be confounded by childhood adiposity. In addition, we investigated whether pubertal timing is related to other cardiometabolic risk and long-term cardiovascular morbidity/mortality. Literature search was undertaken using MEDLINE, EMBASE, Web of Knowledge and TRIP databases, with a hand search of references. Both authors independently reviewed and extracted pre-defined data from all selected papers. Meta-analyses were conducted using Review Manager (RevMan) 5.0.24. A total of 48 papers were identified. Out of 34 studies, 30 reported an inverse relationship between pubertal timing and adult body mass index (BMI), the main adiposity measure used. Meta-analysis of 10 cohorts showed association between early menarche (menarche o12 vs X12 years) and increased adult BMI, with a standardised mean difference of 0.34 kg m À 2 (95% confidence interval: 0.33-0.34). Heterogeneity was large (I 2 ¼ 92%) but reduced significantly when grouped by outcome age. Late menarche (menarche X15 vs o15 years) was associated with decreased adult BMI, with a standardised mean difference of À 0.26 kg m À 2 (95% confidence interval: À 0.36, À 0.21) (seven cohorts). Only eight papers included data on childhood BMI; the majority reported that childhood BMI only partially attenuated association between early menarche and later obesity. Although not suitable for meta-analysis, data on cardiometabolic risk factors and puberty suggested negative association between earlier pubertal timing and cardiovascular mortality, hypertension, metabolic syndrome (MetS) and abnormal glycaemia. Earlier pubertal timing is predictive of higher adult BMI and greater risk of obesity. This effect appears to be partially independent of childhood BMI. Earlier pubertal development appears to also be inversely correlated with risk of other cardiometabolic risk factors and cardiovascular mortality. Further work is needed to examine potential mechanisms and the level at which interventions may be targeted.
INTRODUCTION
Obesity has become an international epidemic, with a complex multifactorial aetiology. Both modifiable and less changeable risk factors need to be identified to better target public health and clinical interventions. It is especially important to understand epidemiological factors in early life, predicting long-term obesity and cardiometabolic risk.
A systematic review in 1999 noted that a number of studies raised the possibility that earlier pubertal maturation is correlated with early adulthood obesity. 1 The review included few studies with data past early adulthood or with male cohorts. Since that time a large number of epidemiological studies have been published, without further review of their findings.
Mechanisms explaining an effect of pubertal timing on later obesity in women have been postulated. One possibility is that this association merely reflects earlier timing of puberty in girls already obese in childhood, 2, 3 especially in those with rapid infancy weight gain. 4, 5 However, existing studies have inconsistently considered whether the association between pubertal timing and later obesity is mediated by childhood body mass index (BMI). In contrast, there are suggestions that increasing childhood obesity in boys correlates with delayed puberty, but there are few longitudinal studies looking at adult adiposity gains. 6 Although studies have largely focused on the risks associated with early puberty, there is some evidence that late puberty may protect against obesity and cardiometabolic risk when compared with normal pubertal timing. 7 Recent studies have also reported that other increasingly prevalent conditions associated with obesity, including type 2 diabetes, hypertension, hyperlipidaemia, metabolic syndrome (MetS) and even overall cardiovascular mortality, may also be associated with early pubertal maturation. 8 However, these findings have been inconsistent and require systematic review. 6 The impact of childhood adiposity on the risk of these later adult morbidities has not been fully elucidated. 9 We identified the following objectives and plan to address them: (1) To examine whether puberty timing is correlated with adult adiposity in men and women, we reviewed observational, population-based studies, which assessed adult (average cohort age X25 years) adiposity and measurements of pubertal status.
(2) To examine whether pubertal timing is related to other cardiometabolic risk factors, as well as long-term cardiovascular morbidity and mortality, we reviewed observational studies of adult cohorts, with outcomes such as hypertension, hyperlipidaemia, type 2 diabetes and cardiovascular mortality, and measures of pubertal status (see Table 1 ).
We therefore undertook a systematic review and meta-analysis to evaluate the impact of early or late pubertal timing on longterm adult obesity and cardiometabolic risk in both men and women. We also examined whether associations were explained by childhood BMI and considered the reporting of pubertal maturation assessment.
METHODS
We present our method and findings, including recommendations from the Meta-analysis Of Observational Studies in Epidemiology (MOOSE), 10 and Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines 11 and reference to the PRISMA statement. 12 The protocol and criteria for the analysis of studies, with inclusion and exclusion criteria, were agreed and documented prospectively by two reviewers.
Ethics
No ethical approval was needed for this systematic review of previously published observational trials.
Searching
We used the following databases: MEDLINE , EMBASE (1980 EMBASE ( -2010 , ISI Web of Knowledge and the TRIP database. Databases were accessed in May 2010. Additional citations were found by hand-searching through reference lists of obtained and reviewed articles. One title was identified from hand-searching, but the citation could not be found after searching or contacting the author. Non-English papers were included and translated if relevant from title and/or abstract. Published abstracts were included if they provided sufficient data to judge eligibility.
The search strategy is summarised in Figure 1 and search terms used are listed in Supplementary Appendix 4. Keywords and exploded MeSH (Medical Subject Headings) terms were used, in English. The following search strategy was added to identify prognostic studies: 'incidence (MeSH) or 'mortality' (MeSH), or 'mortality', or 'prognos*' or 'predict*' or 'course', and combined with 'cohort studies'. 13 
Selection
Inclusion criteria. Eligible studies were required to:
Include a population with a mean age of study population more than 25 years of age. There was no restriction on country of origin and study date. Include a measure of pubertal timing, whether reported in adolescence or in adulthood (including age at menarche, age at peak height velocity, skeletal age, calculated maturity score and pubertal staging). Report at least one measure of adiposity and/or other cardiometabolic risk factors/diseases as an outcome (see Table 1 ). Use any observational study design, including population-based cohort studies and case-control studies, whether retrospective, prospective or cross-section.
All eligible studies were included in the systematic review. In addition, studies were included in meta-analysis if they included the following:
For obesity outcomes: Raw data, allowing calculation of mean BMI (with standard deviation scores), or reported/calculated odds ratios (ORs).
For other outcomes: Raw data, allowing calculation of comparable OR or risk ratio.
Exclusion criteria
Cohorts included only specific conditions, for example, women with breast cancer or polycystic ovarian syndrome as they might not be representative of the total population. Any study without a measure of pubertal status. Outcomes of only height or stroke.
Validity assessment. Validity and quality of individual studies were assessed and also graded using the Oxford Centre for Evidence-based Medicine levels of evidence (2011). Details were recorded for quality of outcome measurements, reporting of pubertal timing and confounding factors.
Data abstraction. Each article was assessed separately by the two authors, with data extracted independently into an excel spreadsheet using predefined criteria. Any differences were discussed and resolved. When data were suitable for meta-analysis, raw data or ORs were extracted from articles and entered into the meta-analysis programme (Review Manager (RevMan) 5.0.24).
Where there were queries regarding the data, in three cases, authors were contacted for further information. Authors either did not respond or did not provide additional useful information. Where duplicate publications reported data from the same cohort, the paper describing a larger sample size or more reported samples of interest was included in our review. Each cohort was included only once in the metaanalysis.
Study characteristics. Each paper was appraised using the 'PICO with quality', strategy (Population, Intervention, Comparison, Outcome, Quality). Potential confounder information was collected, particularly whether data on childhood adiposity were recorded and whether analyses were adjusted for childhood adiposity.
Information was collected on:
(1) Study population quality and variability, including: study design, sample population, country and setting of study, subject number and gender, ethnicity and socioeconomic group and possible confounding variables, including menstrual and pregnancy history, smoking, alcohol and exercise, author contact details, funding and key conclusions by the authors. (2) Details of pubertal/ physical assessment, such as age of assessment and definition of early pubertal development. The variable used for pubertal status, as well as the timing of recording was documented. (3) Type of outcome measure, including definition, age measured, whether self-reported or measured, number of subjects, and unadjusted and adjusted associations. We assessed clinical heterogeneity by looking at the population location, age of menarche/pubertal maturation and age at outcome.
Analysis and data synthesis. A descriptive analysis was carried out for all outcome variables.
Meta-analyses were carried out using RevMan 5.0.24. Raw data (for studies reporting age at menarche) were grouped into 'early menarche' (age at menarche o12 years) and 'not-early menarche' (age at menarche X12 years), as well as late (age at menarche 415 years) and 'not-late' menarche (age at menarche p15 years). These definitions were selected to reflect those groupings used in publications, across the whole time period reviewed. Data were frequently only presented for 'early'/'late' menarche vs 'not early/late', and hence it was not possible to report three groups: 'early', 'normal' and 'late' menarche. Extracted measures for outcome variables included means, percentages, ORs, relative risks and correlation coefficients.
Shown or calculated ORs, or means with standard deviations, were imputed into a generic inverse-variance meta-analysis, using a randomeffects model. For entry into an inverse-variance meta-analysis, ORs were converted into ln OR and the standard error of ln OR. Where standard deviations were not shown, they were calculated from other statistics available. Percentages were converted into numbers as far as data allowed.
It was anticipated that meta-analysis might be difficult, not only because of the differences in presented results but also because of the large variations between study populations. For this reason, it was planned that subgroups would be analysed according to population differences, for example, study date or participant age.
RESULTS

Flow of included studies
A total of 48 studies were eligible for inclusion into the systematic review ( Figure 1 ). Out of these 48 eligible studies, 37 included an adiposity outcome, 9 blood pressure, 6 hyperlipidaemia, 9 diabetes or impaired glucose tolerance, 6 MetS and 10 cardiovascular morbidity and mortality.
Study characteristics
Characteristics of included studies. Characteristics of included outcome variables are shown Table 1 . The majority of studies were prospective observational longitudinal cohort studies, with smaller numbers of cross-sectional and case-control studies, the latter relating to cardiovascular morbidity and mortality. Publications spanned over 35 years (1974-2010) . All, but one study, were published in English. The single non-English study was translated from Mandarin. 14 The 48 publications include 37 papers on adiposity (11 also including cardiometabolic risk factors, 1 cardiovascular morbidity and mortality, 1 all risk factors), with 3 additional papers on cardiometabolic risk and 8 on solely cardiovascular morbidity and mortality. The 48 publications included 52 different studies.
Participants. Sample size ranged from 177 to 101 415 adult participants. In total, there were 704 869 participants in 46 separate cohorts and 6 case-control studies. Adult outcomes were reported between 1934 and 2005, and with the exception of two papers, all were reported after 1971.
Intervention/pubertal timing. Various measures of pubertal status were reported, including timing of menarche, peak height velocity, skeletal ages, pubertal staging and general maturity factor. The majority (36 of the 46 cohorts) reported retrospective menarcheal timing, recalled in adulthood. Ten used menarcheal data reported contemporaneously in adolescence.
Outcomes Data synthesis-qualitative and quantitative data for individual outcomes. Outcomes with some data available for meta-analysis are presented first.
(
i) Measures of adiposity:
In all, 37 papers described the effect of pubertal timing on adult adiposity, most frequently reporting BMI (Supplementary Appendix 1) (a) BMIOut of 34 papers, 30 reported on BMI outcomes, and showed an inverse relationship between pubertal timing and adult BMI. The majority of studies were American or European, with one Japanese cohort and four recent Chinese papers. In all, 26 were solely female cohorts, 6 included data on men and women and 2 included only men.
The quality of the data was heterogeneous. In total, 11 papers calculated BMI from adult self-reported height and weight measurements. Of the 30 papers using menarcheal age for pubertal timing, 22 used adult retrospective report. The population characteristics were less varied, with mean menarcheal age similar across publications. Date of outcome measurements was in the past three decades in the great majority of studies. Age when BMI measurements were taken/reported varied from 18 to 92 years. Figure 1 . Eligible studies included in systematic review.
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Focusing first on women, it was possible to include 10 cohorts in a meta-analysis of the standardised mean difference in BMI between 'early' and 'not-early' puberty. These were all United Kingdom-or United States-based studies, with the exception of one Austrian and one Chinese study. 14, 15 Early menarche (menarche o12 vs X12 years) was associated with increased adult BMI, with a standardised mean difference of 0.34 kg m À 2 (95% confidence interval (CI): 0.33-0.34), although with high heterogeneity (I 2 ¼ 92%). As there were a considerable number of studies, we were able to undertake a subgroup analyses splitting cohorts by mean age at outcome less or more than 40 years ( Figure 2) . A significant increase in BMI was associated with early puberty in both subgroups, although the increased BMI was even more evident in the younger populations. No differences were seen when cohorts were divided into the most recent and older studies. Five studies reported odds of obesity (BMI X30 kg m À 2 ) for age of menarche o12 years compared with menarche X12 years and could be included in a meta-analysis ( Figure 3 ). This found that early menarche was associated with increased risk of adult obesity, with a pooled OR of 2.00 (95% CI: 1.79-2.24) with moderate heterogeneity. These data did not include adjustment for childhood BMI.
Late menarche. Seven studies provided data sufficient to be included in a meta-analysis comparing adult BMI in groups with late menarche (menarche X15 years) compared with those with menarche o15 years. We found that late menarche was associated with decreased adult BMI by a standardised mean difference of À 0.24 kg m À 2 (confidence interval: À 0.30, À 0.19), although with moderately high heterogeneity (see Figure 4) .
Effect of childhood BMI. Only eight studies included a measure of childhood obesity as a possible confounder in their models. There was large variation in the reported confounding effect of childhood BMI, ranging from no real reduction in reported correlation 16 to a 28-fold reduction in the b-coefficient. 17 Five of the studies reported that a significant association between early puberty and higher adult BMI remained when childhood adiposity was included in the model, although the strength of the association was generally reduced. 16, [18] [19] [20] [21] Owing to the nature of the data, it was not possible to include these in a separate meta-analysis.
(b) Other measures of adiposity-In total, 10 papers reported on waist circumference, of which six found an inverse association with pubertal timing. A total of 17 studies reported on another adiposity outcome, including waist-to-hip ratio (7 studies, only 2 studies reporting an association between puberty and risk of later obesity), skinfold thickness measurements (7 studies, 4 reporting an association), percentage body fat (6 studies, 4 reporting an association) and weight gain (1 study, showing an association). Of note, as with BMI, all studies reported increased risk of adiposity Pubertal timing and adult obesity and cardiometabolic risk P Prentice and RM Viner with earlier puberty (mainly reported as earlier menarche), decreased risk with later puberty or no association. No studies reported that earlier pubertal maturation was associated with reduced risk.
Childhood adiposity was only included in one paper reporting other measures of adult adiposity, where the association of pubertal timing with waist circumference was lost when correcting for childhood BMI. 22 It was not possible to include these data in a meta-analysis.
Ethnicity. Only one study reported findings separately by ethnic group. Freedman et al. 18 noted a correlation between pubertal timing and adult skinfold thicknesses in the white population, but not for the black women. 18 There was a significant association for BMI and this disappeared when childhood BMI was accounted for only in the black subgroup.
Men. Eight studies examined the effect of pubertal timing on later obesity in male cohorts. These studies formed a highly heterogeneous group, largely because they used a wide variety of indicators of pubertal timing. Five papers measured pubertal timing by peak height velocity, but the methods of reporting differed and therefore data were not suitable for meta-analysis. Male puberty was additionally assessed by pubertal staging, skeletal age and a calculated variable 'general maturity factor'. 23 Five out of eight reports showed that BMI in men is inversely associated with pubertal maturation. 19, 20, [23] [24] [25] The remaining three studies found no significant differences between maturity groups of boys. [26] [27] [28] (ii) CV morbidity and mortality: Ten studies reported risk of cardiovascular disease or death and age of menarche (Supplementary Appendix 2). Data sources and the validity of cardiovascular disease diagnosis varied markedly.
Morbidity-Eight studies focused on cardiovascular disease morbidity, largely acute myocardial infarction in case-control or cohort studies. Only 3 studies found age of menarche to be associated with cardiovascular disease. [29] [30] [31] However, metaanalysis suggested an association between early menarche (o12 years) and increased risk of later cardiovascular disease, with pooled risk ratio 1.15 (1.02, 1.28) with acceptable heterogeneity ( Figure 5 ). Only five out of the eight studies reporting morbidity could be included in the meta-analysis because of the presentation of available data.
Mortality-Four studies reported cardiovascular deaths in relation to age at menarche. Three studies reported that early menarche was associated with higher mortality risk. When adjusted for adult BMI, this association was retained in two studies. 29, 32 Data did not allow meta-analysis. The following data for lipid, blood pressure, MetS and diabetes outcomes were not suitable for meta-analysis because of the paucity of data and heterogeneity of reporting. Further summaries and details are presented below.
(iii) Lipids: Six papers evaluated the relationship between pubertal timing and adult lipid values. Two were in Chinese populations and all but one described female cohorts (Supplementary Appendix 3) . It is difficult to make overall conclusions, but with the data available it seems unlikely that there is a relationship between pubertal timing and lipidaemia later in life.
Only three studies identified an association between a lipid measurement and pubertal timing. Triglycerides showed a relationship in two out of four reports (although only in men in one study), 27, 33 and high-density lipoprotein (HDL) in one out of five studies. 34 The following lipids showed no association: cholesterol (in one study), 29 low-density lipoproteins (LDL; two studies), 22, 34 LDL/HDL ratio (one study) 35 and lipoprotein, not further specified (one study). 36 Of note, both of the Chinese cohorts did show an association for either triglycerides or HDL, which was retained, even when correcting for adult adiposity. However, the results were not consistent, with one study showing a correlation for HDL 34 and the other no relationship. 33 No studies adjusted for childhood adiposity. 
Study or Subgroup
100.0%
IV, Random, 95% CI Figure 5 . Meta-analysis for early menarche and adult cardiovascular morbidity.
Pubertal timing and adult obesity and cardiometabolic risk P Prentice and RM Viner (iv) Blood pressure: Nine papers reported blood pressure outcomes, either as mean systolic and diastolic pressures (four papers), 22, 24, 27, 29 risk of hypertension (two papers) 21, 36 or both (three papers). 23, 33, 34 Three cohorts included both men and women, and the remainder were female cohorts. Two cohorts were ethnic Chinese. Six studies reported some association between increased risk of higher blood pressure and earlier pubertal timing, with some differences between men and women, but no consistent relationships. For example, one study reported an association between pubertal timing and both systolic and diastolic blood pressure in female cohorts, but less of a relationship in male cohorts, 23 whereas Hardy et al. 24 show this association in men but not in women. In four papers, this relationship between pubertal timing and blood pressure was retained after correction for adult BMI (in another it was lost, and in one paper there was no correction). Only one study considered childhood BMI and showed that there was a slight strengthening of association between later pubertal timing and lower blood pressure for men, when childhood BMI and height were included in the model. 24 (v) Metabolic syndrome: Six papers reported on the association of pubertal timing and the prevalence of MetS. MetS was defined either using the American Heart Association (AHA) (three papers) 33, 37, 38 or International Diabetes Federation (two papers) definitions, 22, 34 or as a clustering of metabolic risk factors (one paper). 36 In four cohorts (the two studies using the International Diabetes Federation definition, one using AHA, one as a clustering of risk factors), there was an association between increased prevalence of MetS and earlier pubertal maturation. In the other two cohorts, which used the AHA definition, there was no association. Out of these studies, three included adult adiposity data, and in only one the relationship was retained-a Chinese cohort, using the AHA definition for MetS. 33 No papers provided childhood BMI data.
(vi) Diabetes: Four papers reported upon the relationship between prevalence of type 2 diabetes and pubertal timing. All these studies were from the United Kingdom and the United States. The prevalence of diabetes was self-reported in two studies and validated by medical records in the two other papers. Two studies reported an increased risk of type 2 diabetes in those with earlier pubertal maturation (one with self-reported cases). 21, 29 However, in both cases this association was lost attenuated when correcting for adult BMI.
Six papers reported adult glucose measurements or a measure of insulin resistance (mostly HOMA-IR (Homeostasis Model of Assessment-Insulin Resistance)) in relation to pubertal timing. Five of these reports showed some relationship with pubertal timing, but the data were very varied, for example, with correlation shown between pubertal timing and fasting glucose in one report, 39 insulin and HOMA in another 22 and glycated haemoglobin in a third. 29 Supplementary Appendix 3 shows further details.
DISCUSSION
This is the first systematic review to summarise data on the association of pubertal timing and adiposity and cardiometabolic outcomes in mid-late adulthood in both men and women. We found strong evidence for an association between earlier pubertal maturation and greater adult adiposity in women. In meta-analysis, early menarche (oage 12 years, approximately the earliest quintile) was associated with an increased adult BMI by a mean of 0.34 kg m À 2 and a doubling of risk for adult obesity compared with those with normal or later menarche. In a sensitivity analysis, the effect of earlier menarche on adult BMI was larger on younger women (those o40 years at the time of outcome measurements). This association might be stronger in younger women, as they are temporally closer to puberty. In older women, the increased importance of other lifestyle factors over time may mean that the association with puberty is lessened. The evidence for a similar association in men was equivocal.
The effect of pubertal timing on later adiposity was not confined to early puberty. In women, we found that menarche later than age 15 years, approximately equivalent to the latest timing decile, was negatively associated with adiposity, decreasing the mean adult BMI by 0.24 kg m À 2 compared with normal and earlier puberty.
Evidence for an association of pubertal timing with other cardiometabolic outcomes is markedly weaker than for adiposity. The evidence is most convincing for cardiovascular disease in women, as we found that early menarche was associated with an increased disease risk approximately 15% in meta-analysis. A number of studies suggest that higher blood pressure, metabolic syndrome and abnormal glycaemia share this association with early puberty. However, it remains unclear whether this relationship merely reflects the common association of both pubertal timing and cardiometabolic risk factors with obesity.
We are aware of only two systematic reviews that have addressed similar questions, both now over a decade old. Parsons et al.
1 in a descriptive review concluded that early menarche was likely to be associated with later obesity, supporting our findings. De Kleijn et al. 40 in a review of female reproductive history and cardiovascular disease risk in postmenopausal women identified four studies reporting age of menarche and cardiovascular risk, and concluded that there was no consistent relationship between age of menarche and cardiovascular risk. They did not distinguish between cardiovascular morbidity and mortality. In contrast, through metaanalysis of a larger number of studies, we found that early menarche modestly increased risk of cardiovascular disease.
We were unable to assess adequately whether the observed association between early puberty and adult obesity and cardiometabolic risk was mediated by childhood BMI because of the limited number of studies, including childhood adiposity data. While five papers reported that pubertal timing predicted later adiposity independently of childhood BMI, three found that the association was entirely explained by childhood BMI. It may be that the role of childhood BMI in mediating this relationship differs between individuals and populations, especially since the secular trend in earlier pubertal timing in populations with greater childhood obesity does not seem to be universal.
The associations we identified are biologically plausible and identifiable across a large number of studies; however, they are not necessarily causal. Recent reviews discussing the association between childhood obesity and pubertal timing emphasise the uncertainty of direct causation, the complexity of this association and the inter-relationship between multiple factors. It seems likely that pre-, peri-and early postnatal exposures, such as nutrition, may be important influencing factors for both childhood adiposity gains and the initiation of puberty, but postulating single causality is probably simplistic. 6, 41 It may be that adiposity in childhood and puberty influence each other to some extent, for example, through hormonal mechanisms, but that pubertal timing has an additional influence on adult disease, whether this is directly causal or not. Therefore, the associations found are useful, but further evaluation is needed to identify potential causal pathways. Recent genome-wide association studies concerning the timing of puberty have found that multiple loci found to be associated with earlier menarche have been identified targets for adult BMI, with variants also associated with childhood BMI. 42 Strengths and limitations The strengths of this systematic review lie in its robust methodology and inclusion of a wide range of adiposity and cardiometabolic outcomes.
Our findings are subject to a number of limitations. The majority of studies did not include childhood or adolescent data and were therefore limited to adult report of menarcheal timing and unable to adjust for childhood BMI. This lack of data meant that we were unable to more robustly examine effects of childhood adiposity on the associations of pubertal timing with adult outcomes, or examine the influence of the timing of adiposity development in childhood.
Clearly, adult report of pubertal timing is subject to various biases; however, high agreement has been shown between contemporary report and adult recall of age at menarche. 43, 44 The presentation of data from the majority of papers reviewed only allowed for comparison of 'early' vs 'not-early' menarche, and 'late' vs 'not late'. This dichotomisation may potentially either strengthen or obscure real associations.
The evidence that these associations are causal is limited. The findings that pubertal timing influences adult cardiovascular risk are biologically plausible, repeated in multiple studies and relate to longitudinal data with a lengthy time period between the exposure (pubertal timing) and the outcome (adult cardiometabolic risk). However, we recognise that assessment of causality is limited in systematic reviews, and other study designs are necessary to determine if these associations are causal.
Lack of ethnic diversity limits the generalisability of our findings beyond European and American white populations. The great majority of included studies involved white populations and defined early puberty consistently as menarche at or before 12 years. However, only one study included separate analyses for black subjects, in whom mean age at menarche is generally earlier than white populations, 18 and five studies involved Chinese or Japanese populations, in whom mean age at menarche is later. 33, 34, 37 Although early menarche was associated with adult adiposity in all of these East Asian studies, it remains unclear whether the association of pubertal timing and adult adiposity is consistent across all ethnic groups. Indeed, Freedman et al. 18 reported that pubertal timing was associated with adult adiposity in white but not black women.
CONCLUSION
Early puberty is associated with increased risk of adult obesity and some associated cardiometabolic disorders in women. The balance of evidence is that these associations are at least partially independent of childhood adiposity, suggesting that they are not epiphenomena resulting from the association of early puberty and childhood obesity.
While pubertal timing is not malleable at a population level, adolescents with early normative pubertal timing are increasingly recognised as a potential intervention target given they are at high-risk group for a range of other mental and physical health outcomes. 45 Targeted obesity prevention interventions in adolescents with early puberty may contribute to reducing adult obesity burden.
